CONCEALED CONDUCTION 663 RA A| A| K A2 k A3 K A4 K AVN Ndv/dt RBB . B dv/dt-RPPJ (fij.3) V| T vi RA and RPPJ: electrograms recorded from the right atrium and right Purkinje-papillary muscle junction. AVN and RBB: intracellular trans-membrane potentials recorded from the AV node and right bundle branch. N dv/dt and B dv/dt: first derivatives of the AVN and RBB action potentials. A t: atrial response to basic stimuli. A 2 , A dA !f are atr i al respo nses to premature stimuli. 100 msec bar, lower right corner; rapid deflections retouched.
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The early experimental studies of Lewis and Master demonstrated that premature responses may be delayed or blocked within the AV transmission system and that these delayed or blocked responses exert an influence on the conduction of succeeding impulses.1A l arg e amount °f information on the conduction of premature responses has resulted from the precise and degwtff W@kW& by Langendorf, 2 and Katz and P i cardiograms of patients with arrhythmias. The elaborate associates 4 on experimentally evoked arrhythmias have further increased our knowledge of conduction of premature responses. Recently, Moe et al. demonstrated that as many as six premature atrial responses can be concealed in succession. Since only atrial and ventricular electrograms were recorded in these studies, it was not possible to define the site or mechanism of AV block of the premature atrial response.
In the present studies, the microelectrode technique was employed to help define the site and mechanism of AV block of serially concealed premature atrial responses. Block of premature responses was observed to result from decremental conduction within the AV node as well as within the ventricular specialized conduction system (VSCS).
Rabbit with pen rapidly rei
From the Department oi Medicin lesthetized he hearts genated Ty-mtheGies Unit, oi Veterinary 660 rode's solution. The left atrium, left ventricular free wall, and right ventricular free wall were removed. The right atrium was opened by an incision, extending from the atrioventricular groove through the cranial vena cava. The sinoatrial region was removed in most experiments to permit slow heart rates. The preparation containing the right atrioventricular conduction system was then pinned in a muscle chamber and perfused with Tyrode's solution, equilibrated with 5% carbon dioxide in oxygen. The left specialized ventricular conduction system was nonfunctional. Temperature of the solution was maintained at 36°C. Conventional Ling-Gerard microelectrodes with tip resistances between 20 and 30 megohms were employed to record from single cardiac cells, using unneutralized cathode followers. Differentiation of voltage with respect to time was done electronically on a Tektronix model O operational amplifier. Bipolar surface electrograms were recorded from atrium, Purkinje fibers and ventricle using Grass P-5 amplifiers. Signals were displayed on a Tektronix 565 oscilloscope and photographed using a Grass C-4 camera. In one experiment, an FR-1300 Ampex tape recorder was used for playback and photography. All preparations were driven through bipolar silver electrodes at various frequencies with one to four premature stimuli of 3 to 5 times threshold strength being evoked following every sixth or more basic response. The stimulator8 used digital circuitry that permitted up to 13 pulses to be programmed in variable sequences with intervals between stimuli variable in 0.1 msec steps.
Results
To determine possible mechanisms and sites of AV delay and block of electrically evoked premature atrial responses, transmembrane action potentials were recorded from the specialized atrioventricular conduction system simultaneously with atrial and ventricular electrograms. Records from a representative experiment are shown in figure 1. RA is a right atrial electrogram, AVN is an intracellular recording from the AV node and Ndv/dt is the first derivative of the AVN response; an intracellular recording from the right bundle branch (RBB) is shown in the fourth trace and its derivative, B dv/dt is shown immediately below the RBB transmembrane potentials. RPPJ is an electrogram recorded from a bipolar electrode placed on the false tendon at the level of the anterior papillary muscle and contains a Purkinje fiber depolarization deflection (first large deflection) followed by a smaller ventricular muscle depolarization complex (small downward complex). The right atrium was driven through surface bipolar electrodes at a basic cycle length (Ai-Ai) of 495 msec, and a single premature atrial response, labeled A2, was evoked 136 msec after the sixth Ai response. The control Ai response was conducted from the atrium through the AV node to the impaled AVN fiber (NH region) through the His bundle (not shown) to the right bundle branch fiber (RBB), Purkinje fibers, and 9 As shown in figure 2, first degree AV block can result from slowed conduction within the AV node plus slowed conduction within the ventricular specialized conduction system (VSCS). In this experiment, the basic atrial to premature response interval (Ai-A2) was prolonged by 44 msec over the Ai-A 2 interval of figure 1. The basic Ai response was conducted to the ventricles as in figure 1. The premature A 2 response, however, was not blocked within the AVN, but was conducted through the His bundle to the right bundle branch as shown by the premature activation of the RBB fiber. Propagated impulses from the AV node were conducted through the bundle of His and arrived at the RBB fiber at a time when the RBB transmembrane action potential had not recovered to its resting membrane potential. The maximum rate of depolarization of Purkinje action potentials (maximum dv/dt) and maximum conduction velocity do not occur until the cell has repolarized to about its normal resting potential. Therefore, in figure 2 the increased AV conduction time of the premature A 2 response resulted from conduction delays between His bundle and the bundle branches, as well as conduction delays within the AV node. Note that the premature RBB response does not have a smooth depolarization curve; the action potential appears to arise out of a local response.
RA
Since the Purkinje depolarization complex in the RPPJ electrogram in figure 2 occurs earlier than the RBB transmembrane action potential, it might be thought that supernormal conduction occurred in the VSCS. However, apparent supernormal conduction has been shown in partially depolarized canine Purkinje fibers" and ungulate Purkinje fibers 11 to be caused by a shift of the site of origin of the action potential when stimuli are applied during the relative refractory period. The site of initiation of the premature RBB action potential in figure 2 started at a more distant region of the right bundle branch than the location of the impaled RBB fiber; bidirectional propagation from the more distal site of initiation of the propagated RBB action potential caused the premature action potential in the impaled RBB fiber of figure 2.
In figure 3 , premature atrial responses, A2 and A 3 , we re both conducted to the impaled AV nodal cell with an increase over control atrial-nodal conduction time, viz, the A 2 -AVN 2 and A3-AVN3 intervals were longer than the control A1-AVN1 interval. The AVN 2 and AVN 3 premature nodal action potentials exhibited a decrease in the rate of depolarization as shown in the Ndv/dt recording. The excitatory current spreading from the AV node through the His bundle arrived at the right bundle branch fiber before complete repolarizatiori of the RBB occurred. Consequently, both the first and second premature RBB responses (RBB 2 , RBB 8 ) exhibited a decrease in amplitude, duration and rate of depolarization (Bdv/dt). In figure 3 , the second premature RBB action potential (RBB 8 ) wa s preceded by a local response and the maximal rate of depolarization (maximum dv/dt) was less than for the RBB 2 response. Conduction of the A 2 response to the right ventricular musculature was delayed within the AV node as well as within the ventricular specialized conduction system. Conduction of the A 3 response to the RPPJ bipolar surface electrode required less time than transmission of the A 2 response, i.e., the A3-RPPJ3 interval is shorter than the A 2 -RPPJ 2 interval presumably due to the rapid decrease of the refractory period of Purkinje and bundle branch fibers following shortening of the preceding cycle length. The attenuated RPPJ 3 electrogram indicates that activity from the RBB fiber arrived at the Purkinje papillary muscle junction at a time when the Purkinje and ventricular muscle fibers were partially refractory. The slurred, low amplitude ventricular component of the RPPJ 3 electrogram suggests that under these conditions of premature excitation, an aberrant QRS probably would have been observed. The A4 response failed to result in any noticeable potential change in the impaled AVN nodal fiber. Conduction block in this case could have occurred high in the AV node at the atrial-nodal junction or within the atria. Comparison of transmission of premature atrial responses through the right and left AV specialized conduction system was not done. The left bundle was nonfunctional in these experiments, and the preparation was positioned with the left septal surface pinned on the paraffin block.
In figure 4A , a right atrial electrogram (RA, top trace), AV node (AVN) and ventricular muscle transmembrane potentials (VM, bottom trace) are shown. The biphasic atrial deflection (A f ) i s the atrial response to the seventh basic Si stimulus (note stimulus artifact that triggered the CRO trace). Most of the AV transmission time for A i resulted from slow conduction through the AV node Circulation Research, Vol. XVIII, June 1966 interval). The AV nodal response in this figure was recorded from the lower region of the node (NH region) and the ventricular muscle action potential was recorded from a myocardial cell near the termination of the septal right bundle branch. The second atrial response (A 2 ) in the RA electrogram is the response to a premature S 2 stimulus. The Ai-A 2 interval was 125 msec and A2 was conducted through the upper node to the NH region, as shown by the nearly normal amplitude of the NH nodal response. It was not, however, conducted to the ventricles; the transmembrane potential recorded from ventricular muscle remained at its resting potential and no action potential occurred. Conduction time from the A 2 response to the NH cell was increased in relation to the basic atrial to AV nodal conduction time. The premature AVN 2 response also exhibited a decreased rate of depolarization, decreased action potential duration, and slightly decreased amplitude. Even with these changes in the AVN 2 response, the AVN 2 action potential was capable of exciting specialized conduction fibers in the bundle of His as can be seen in figures 4B and 5, the latter from a different experiment than figure 4. In figure 4B , the A1-A2 interval was the same as in figure 4A ; it can be observed that the A 2 response was conducted to the His bundle and excitation of the BH fiber occurred before repolarization was complete. The premature activation of the His bundle was accompanied by a significant decrease in the rate of depolarization, amplitude, and duration of the premature BH 2 response. The A3 response in figure 4A resulted in a local response in the AV node and this local AV nodal potential was not propagated to the bundle of His. In figure 5 , the basic atrial response, Ai, was propagated through the AV node to the bundle of His (BH, fourth trace), right bundle branch (RBB, third trace) and to the ventricle (RV). A premature atrial response (A, second atrial response in RA), evoked 245 msec after the basic Ai response, was propagated through the AV node to the His bundle with slightly greater than control AV nodal conduction time. Excitation of the bundle of His occurred outside its relative refractory period as indicated by the rapid rate of depolarization of the premature His bundle response (BH, second His bundle response). The BH response, however, arrived at the right bundle branch at a time when repolarization of the basic RBB response had not reached a membrane level sufficient for an all-or-none action potential to occur. Thus, the BH 2 response was not conducted beyond the right bundle branch, as shown by the local, nonpropagated response on the repolarization phase of the basic RBBi action potential. A second premature atrial response, A3, was propagated through the AV conduction system to the ventricles with only a small increase in conduction time through the AV node (RA 3 -BH :i interval); conduction time between the BH 3 response and RV 3 response was the same as the basic BHi-RVi conduction time.
By comparing the AVN2 response in figure  4A with the corresponding BH2 response in figure 5 , it can be observed that in both cases excitation occurs when the fibers have repolarized to their resting membrane potential. In figure 5 , the basic His bundle (BHi) repolarization phase is distorted due to mechanical movement of the microelectrode. The rate of depolarization of the premature His bundle response (BH 2 , second His bundle response) was not slowed markedly, while the premature AVNo nodal response exhibited obvious slowing of its rate of depolarization. Hoffman et al.° and Paes de Carvalho also have observed that AV nodal cells often are partially refractory immediately following repolarization to their resting mem-Circulation Research, Vol. XV111, June 1966 brane potential. This contrasts with fibers located in the VSCS where full excitability usually occurs following repolarization. 10 In figure 4 , concealment of a second premature atrial response A 3 resulted from block within the AV node. In figure 4A , A 3 wa s accompanied by only a subthreshold local response in the AV nodal cell (middle trace, third potential). Although the A 3 response was evoked earlier in figure 4B than in 4A, a local response (not shown) was still recorded from the NH region of the AV node. In both figures 4A and 4B, A 3 failed to be accompanied by a His bundle BH 3 response. In the present experiments, the His bundle always failed to be excited when a local response was recorded from the NH region of the AV node. Thus, concealed conduction of premature atrial responses can result from block within the AV node or within the specialized conduction system below the AV node. By analyzing only electrocardiograms, it is not possible, except by inference, to distinguish concealment in the AV node from concealment in the ventricular specialized conduction system. The AV conduction system can dLscrimi-MOORE nate between two premature atrial responses occurring at the end of the concealment zone that differ in the time of onset of atrial activation by one millisecond or less, i.e., a premature response evoked at a cycle length of 150 msec may be concealed, while at 151 msec it is conducted to the ventricles. Moe has made similar observations (personal communication). In figure 6 , the basic to premature atrial response interval (A1-A2) is the same as in figure 4 ; the basic Ai response was conducted to the ventricles and the premature Ao response was concealed below the AV node. However, in figure 6 , the A 3 response was delayed by 0.9 msec, i.e., the S 2 -S 3 stimulus interval was increased by 0.9 msec. In this case, the premature A 3 response was conducted to the ventricles and not blocked in the AV node as in figure 4 . Our studies indicate that the AV node is one of the locations within the AV conduction system where the end of the concealment zone is so sharp that a distinction can be made between premature atrial impulses differing in time of excitation by less than 1 msec. 
RA: right atrial electrogram with basic A t responses and 2 premature responses (A2 and A 3 ). AVN: AV nodal transmembrane potentials. VM: ventricular muscle transmembrane potentials. This is a double exposure with A 2 -A s interval being changed by 0.7 msec between the first and second frame. At the shorter A2-A s interval, concealment occurred within the AV node and only a local response was recorded from the AV nodal cell. Increasing the A2 -A} interval (second exposure) resulted in an all-or-none AV nodal action potential that was conducted to the ventricle.
sweep (similar to fig. 6 ). The Ai-A 2 interval remained constant during both CRO sweeps. When A 3 w as early as in figure 4 , and again when the A 3 occurred 0.7 msec later, the onset of initial depolarization in the AV node to this A2 input occurred at the same time. However, the AV nodal response to the later A3 depolarization resulted in a slightly higher local response that was followed by an allor-none AV nodal response. The nodal conduction time between A3 and AVN 3 was greater than the basic A1-AVN1 conduction time. However, conduction time from the allor-none AV nodal response to the impaled ventricular muscle fiber was identical for the basic and premature response, i.e., the AVNi-Vi and AVN3-V3 intervals were equal. This would be expected since the right bundle and peripheral Purkinje fibers were not excited by AVN2 and would, therefore, be completely recovered.
Looking only at figure 7, it would seem that by delaying the onset of A 3 by 0.7 msec the local AVN 3 nodal response was permitted to increase in magnitude up to the threshold potential for the nodal fiber; once reaching the threshold potential, an all-or-none response developed. That this probably is not the case is demonstrated by figure 6 where the interval separating A 2 -A 3 was 0.2 msec longer than in figure 7 . The local nonpropagated response can be observed to be falling towards the resting potential at the time the all-ornone nodal action potential develops in figure  6 . This suggests that the AV nodal cell may have been excited from several different points and/or at slightly different times, i.e., excitation occurring over one group of fibers results in the local response which was subthreshold; a second input occurred synchronously or slightly later that led to the all-or none AV nodal action potential.
In figure 8 , the concealment zone of an A3 response in the presence of a conducted, but delayed, A 2 response can be seen. Three 
RA: right atrial electrogram. AVN: intracellular transmembrane potentials recorded from the AV node (NH region). RBB: right bundle branch transmembrane action potentials. RPPJ: right Purkinje-papillanj muscle junction electrogram. This is a triple exposure with the interval between A e and A 3 being varied through 10 msec; an atrial "echo" labeled Ax occurred with the latest A s response. Atrial "echo" response failed to return to the right bundle as shown by the local nonpropagated response recorded from the AV nodal fiber. Vx is the ventricular response to the latest A s heat.
Circulation Research, Vol. XV111, June 1966 while the A 2 -A 3 response interval was varied between 158 and 168 msec. The earliest A 3 response was blocked within the AV node and resulted in the smallest, but somewhat delayed AVN local potential. An intermediate A 3 response resulted in an earlier and somewhat larger local nonpropagated AVN potential. At the longest A 2 -A 3 interval the A3 response was propagated to the ventricles. Note the marked decrease in action potential duration of the RBB fiber at the short A and A 3 cycle length. The latest A 3 response besides being propagated to the ventricles also was associated with a spontaneous atrial "echo" response. This atrial "echo" beat was conducted back to the AV node, but blocked within the node as shown by the local AVN response.
As can be seen in figure 9 , it is possible to have 2:1 AV block under different circumstances. In A, the heart was driven at a basic cycle length (A1-A1) and three premature responses were evoked. Ai and A were conducted to the ventricles while both A 2 and A4 were blocked within the AV node. In B, the 2, A 3 and A4 intervals were changed and now Ai, A23, and A4, are all conducted through the AV node, but A 2 i s blocked below the AV node and above the RBB. A4 appears to be blocked high in the AV node, since no local response is apparent in the nodal transmembrane potential recorded from the lower node (NH region). In C, the basic cycle length (A1-A1) was increased to a rate at which 2:1 block resulted from every other atrial response being blocked within the AV node. In the newborn calf, it has been demonstrated that 2:1 AV block also can result from every other His bundle response being blocked at the bundle branches 12 &rin § m^ atriat driving rates.
In figure 10 , the complexity of concealment as well as the likelihood that multiple sites for concealment of premature atrial responses exist within the AV node is demonstrated. The basic Ai response was propagated to the ventricles, but the three premature atrial responses were not. A 2 was blocked below the AV node; A 3 wa s blocked within the node, RA; right atrial electrogram. AVN: AV nodal intra-ceUular transmembrane potentials. RBB: intracellular right bundle branch potentials. RPPJ: right Purkinjepapillary muscle junction electrogram. T: large time pulses occur at 50 msec intervals. The preparation was driven at a rapid rate, and 2:1 AV block occurred with every other impulse concealed within the AV node.
while A 4 appears to be blocked high up in the node at the atrial-nodal junction or within the atrium. The small, attenuated A4 responses point out that A4 was the earliest possible premature A4 response.
Discussion
In the interpretation of clinical arrhythmias, delays and block of AV conduction are though t usual node. 1 with chronically implanted electrodes placed over the His bundle and Purkinje papillary
FIGURE 9B
Intervals A] -At A? -A rl from figure 9A. 2:1 AVblockstill occurredas s by the RA and RPPJ electrograms. However, A t is now blocked below the AV node, while A( is blocked at the upper atrial-nodal junction or perhaps within the atria. 100 msec time bar, rapid deflections retouched. muscle junction, Hoffman and associates7 demonstrated that AV conduction delays and block of single premature atrial responses most frequently do occur within the AV node. However, the possibility that conduction delays and block of single premature atrial responses may occur also within the ventricular specialized conduction system (VSCS) has been demonstrated in acute studieson perfused intact dogs," 114 an d ca l ves as in experiments on isolated canine and calf Purkinje papillary muscle preparations.0 11 " 1 3
The present microelectrode experiments on AV delay and concealment of serially evoked premature atrial responses in an isolated rabbit atrioventricular preparation demonstrated that first degree AV block of premature A2 and A 3 responses resulted frequently from conduction delays within both the AV node and VSCS tissues. This was particularly true of premature responses having relatively long preceding Ai-Ai cycle lengths, since the action potential durations of fibers in the VSCS are longest at long cycle lengths. At long preceding cycle lengths, excitatory responses from premature beats could arrive at the bundle branches and Purkinje system, while the VSCS fibers were still partially refractory due to incomplete repolarization from the previous action potential. Therefore, AV conduction time of the premature response through the VSCS was prolonged due to conduction occurring in partially refractory VSCS tissue. Following a decrease in preceding cycle length, bundle branch and Purkinje fibers undergo a greater shortening of refractory period than do most other cardiac tissues. 13 Therefore, at relatively short preceding cycle lengths, atrial responses were predominantly, if not entirely, delayed within the AV node. Conduction delays within the AV node at short cycle lengths were associated often with step-like prepotentials on the intracellular action potentials of nodal cells in the NH region, as reported previously by Hoffman et al ° and Paes de C lho 9 The increase in AV nodal conduction time associated with these step-like AV Circulation Research, Vol. XV111, June 1966 nodal prepotentials enabled the fibers in the bundle branch and Purkinje system to recover more fully from the previous action potential; conduction could then occur at nearly normal velocity through the VSCS.
The conduction time of the A3 response was markedly influenced by whether the A 2 response was concealed within the AV node or within the VSCS. When A 2 was blocked within the AV node, the VSCS was not invaded by excitatory responses from A 2 ; consequently, a subsequent A 3 response was not delayed significantly, if at all, within the VSCS. However, when the A 2 response was delayed or blocked within the VSCS, then MOORE the A3 response often could be delayed within the VSCS. When the Ao response was concealed within the AV node, the V1-V3 response interval, therefore, was shorter ( fig. 9A ) than when the A2 response was concealed within the VSCS (fig. 9B ). The influence of A 3 o n the conduction of A was similar to that observed for Ao on the conduction of A 3 , i.e., A4 was not delayed in the VSCS when A 3 was concealed in the AV node. If AO was concealed in the AV node and A conducted to the ventricles, then A4 could sometimes be delayed in the VSCS.
When intracellular recordings were obtained near the middle of the His bundle, all-or-none action potentials always were recorded whenever the lower region (NH area) of the AV node exhibited all-or-none action potentials. It was possible, though, for AV nodal excitatory currents to activate the His bundle during its relatively refractory phase, i.e., before repolarization was completed. The AV node-His bundle junction does not seem to be a weak link in AV conduction of premature responses, as originally suggested by Alanis et al 15 present studies, first degree AV block occurred within the AV node, between the His bundle and right bundle branch, and within the peripheral Purkinje system.
Most of the concealment zone was due to blockage of premature atrial responses within the AV node. At short cycle lengths, produced either by rapid basic driving frequencies or interpolated premature responses, concealment usually occurred in the AV node. To demonstrate concealment in the VSCS, it was necessary to drive the heart at long basic cycle lengths (longA1-A1). Only at long cycle lengths was the refractory period and action potential duration of bundle branch and Purkinje fibers sufficiently long to block late premature Ao responses within the VSCS. In only a few experiments was it possible to block both A and A responses in the VSCS, since the functional refractory period and action potential duration of the bundle branches and Purkinje fibers undergo a greater shortening with decreases in preceding cycle length than other cardiac fibers 13; viz., a single A°r esponse usually shortened the refractory period of the VSCS sufficiently to enable the BH 3 His bundle response to be propagated to the ventricle. Somewhat different results would have been obtained in these experiments if the left VSCS was functional. In this case, conduction could occur over the left VSCS even th o ugh block developed within the right VSCS. 7 Weidmann 10 demonstrated that Purkinje fibers were incapable of producing an action potential when depolarized beyond a certain membrane potential either by electrotonic currents, diastolic depolarization, or inadequate repolarization from a previous action potential. In these experiments, only at long cycle lengths did block occur within the VSCS due to inadequate repolarization of Purkinje fibers. These experiments suggest that block within the VSCS is much less common than AV nodal block. Singer et al. 10have demonstrated recently that block within the ventricular VSCS can occur when excitatory currents arrive at bundle branch and Purkinje fibers partially depolarized by diastolic depolarization.
It was possible in these experiments to conceal four consecutive premature atrial responses (A 2 , A 3 , A4, A \ ™. A . -«. • *u K ui 1 A ' ^' Al >l-Xhe demonstration that blocked responses m the node resulted in local responses of varying amplitude and configurations suggests that block occurred at different levels within the AV node. During "atrial fibrillation" provoked by rapid stimulation of the atria (20 per second), as many as seven consecutive nonpropagated local responses were recorded from the AV node. During electrically provoked "atrial fibrillation," the intervals between His bundle responses sometimes varied from corresponding muscle response intervals. Thus, conduction delays did occur in the VSCS in these experiments on isolated rabbit hearts, and delays in the VSCS played a role in the ventricular intervals observed during atrial fibrillation.
The ionic mechanism of block within the Purkinje network has been shown by Weidmann 10 t o be due to i nact i vat i on °f the sodium Circulation Research, Vol. XVIII, June 1966 carrying system at membrane potentials below about 59 millivolts. The mechanism of block within the AV node, however, probably differs from block within the Purkinje network since the AV node is still refractory for a time after the membrane potential has returned to its maximum resting membrane potential. Paes de Carvalho and Hoffman 17 have p ostulated that depolarization of AV nodal fibers may result from a decrease in potassium conductance, rather than from an increase in sodium conductance as occurs in most excitable tissue. Repolarization of AV nodal fibers then is thought to result from an increase in potassium conductance following depolarization. 17 The present experiments suggest that repolarization in some AV nodal fibers may cause a prolonged increase in potassium conductance, since hyperpolarization occurs upon repolarization (figs. 4, 6, 7). Deck and Traut-• is observed in voltage clamp experiments on Purkinje fibers that rapid repolarization caused an increase in potassium conductance that gradually decreases within 300 to 500 msec. It might be hypothesized on the basis of work by Paes de Carvalho and Hoffman 17 and by Deck and Trautwein 18 that wi th repolarization of AV nodal fibers, potassium conductance increases beyond resting values and then gradually returns to the resting level with a given time constant. Since the amount of hyperpolarization in AV nodal cells increased with the number of evoked premature AVN responses, it appears that potassium conductance in AVN fibers may possibly undergo a type of summation with potassium conductance being further increased by the repolarization of each serially evoked premature AVN response, i.e., the potassium conductance and therefore amount of hyperpolarization following repolarization of a very premature AVN response is greater than for a premature AVN o response (figs. 6 and 7). This mechanism would only appear when a premature AVN response was elicited while potassium conductance was still increased due to a previous AVN action potential. During late repolarization and for a short time following repolarization, the potassium conductance in nodal cells may be so great that excitatory currents cannot decrease the potassium conductance sufficiently to cause an AV nodal action potential, and thus only a local nonpropagated response would occur. If, however, a premature AVN action potential does occur during the time potassium conductance is increased, then the rate of depolarization of the action potential also would be expected to be decreased. The fact that the AV node of newborn animals fails to cause a marked increase in AV nodal conduction time of premature responses may be related to this mechanism; i.e., in newborn AV nodal fibers potassium conductance may not increase as much during repolarization as it does in adult AVN fibers. This might enable premature supraventricular responses to excite newborn AV nodal fibers earlier than in adult animals. Indirect supporting evidence for this hypothesis is that newborn nodal fibers in these experiments did not exhibit as marked hyperpolarization following premature activation as did adult AV nodal fibers.
Summary
Experiments employing microelectrodes to record from single cells within the AV node and ventricular specialized conduction system during conduction of serially evoked premature atrial responses have demonstrated AV conduction delays and block within both the AV node and ventricular specialized conduction system. The rapid decrease in functional refractory period of fibers within the ventricular specialized conduction system, following a decrease in preceding cycle length, resulted in block within the AV node of most serially concealed premature atrial responses. A one-millisecond change in the time of excitation of a premature atrial response could determine whether block or conduction occurred in the AV node.
